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ABSTRACT as palpation, auscultation, and radiation. In the first stud-

) ) ] ) ies, the time—amplitude waveforms of TMJ sounds are an-
In this paper we investigate the relation between lateral Crossélyzed. However, it is not possible to characterize signals

bite disorders and the sounds generated by the Temporoy,qt hased on their time behavior [7]. Power spectral analy-
mandibular Joint (TMJ). TMJ vibrations are recorded clin- giq has a1s0 been used in the analysis of TMJ sounds to ob-
ically by palpation and auscultation and also electronically 4in the distribution of signal energy over a frequency range.
by accelerometers. TMJ signals are filtered, amplified, digi- 45 ever, a disadvantage of conventional power spectra is
tized and stored on a computer. Based on jointtime-frequenGy ot completely different time signals can have exactly the
momenj[s calpulated from evolutionary ;pectrum, sou.nds ar€same power spectra [8]. In other words, for non—stationary
categorized into four classes. Palpation, auscultation andgjgna)s like TMJ sounds, it is required to know how the fre-
time-frequency classification findings are presented. quency components of the signal change with time. This

can be achieved by obtaining the distribution of signal en-

1. INTRODUCTION ergy over the time—frequency (TF) plane [8].
Here we use the evolutionary spectrum based on multi—

Temporomandibularjoint (TMJ) is located between the tem- Window Gabor expansions for the TF analysis and classi-
poral bone and the mandible. It consists of the mandibular fication of TMJ sounds. The multi-window Gabor expan-
condyle, articular disc, temporal fossa, muscles and liga- sion represents a signal in terms of basis functions that are
mants. One of the most common Temporomandibular Joint Scaled and translated windows modulated by sinusoids [9].
disorders is joint sounds. Palpation and auscultation areAn evolutionary spectral estimate is obtained from the co-
valid procedures in the diagnosis of joint sounds [1]. Al- €fficients of this Gabor expansion.
though some investigators have stated that joint sounds are
related to orthodontic malocclusions, a concencus has not
been reached [2, 3, 4, 5]. Orthodontic treatment is a treat-
ment option in the treatment of temporomandibular disor-
ders, as well as it may be the cause. One of the orthodontic
malocclusions stated to be the cause of TMJ sounds in lat-
eral crossbite [6]. Lateral crossbite is the palatal position of
upper buccal teeth in comparison to lower buccal teeth. It
may be unilateral or bilateral.

2. TIME-FREQUENCY ANALYSISOF TMJ
SOUNDS

In this section, we briefly present the signal analysis tech-
nique we use to investigate TMJ signals. Time-frequency
(TF) signal analysis provides a characterization of signals
in terms of joint time and frequency content [8, 10]. The

main concern of the TF analysis is obtaining the distribution

_ Inthis work, we examine the crosssbite patients by us- ¢ 5ina) energy over joint TF plane with a high concentra-
ing palpation and auscultation methods and also electronl—tion [8]. In the last two decades, vast amount of work have

cally re_cord TM. sounds. Thenwe perform atime-frequencybeen done to develop TF signal analysis methods [8]. The

analysis of the recorded TMJ sounds. short-time Fourier transform (STFT), Cohen’s class of bi-
The analysis of recorded TMJ sounds offers a power- jinear TF distributions (TFDs), positive TFDs, wavelet and

ful non-invasive alternative to the old clinical methods such 0y type of TF representations (TFRs), and Priestley’s

+ This work was supported by The Research Fund of The University €volutionary S_F’eCtrum are among the main approaches to
of Istanbul, Project numbers: B-506/22052000 and B-833/08022001. the TF analysis [11].




Report Documentation Page

Report Date Report Type
250CT2001 N/A

Dates Covered (from... to)

Title and Subtitle
Preliminary Findings on the Temporomandibular Joint Sounds
of Lateral Cross-Bite Patients

Contract Number

Grant Number

Program Element Number

Author (s)

Project Number

Task Number

Work Unit Number

Performing Organization Name(s) and Addr ess(es)
School of Dentistry Department of Orthodontics University of
Istanbul Capa, Istanbul, Turkey

Performing Organization Report Number

Sponsoring/M onitoring Agency Name(s) and Addr ess(es)
US Army Research, Development & Standardization Group
(UK) PSC 802 Box 15 FPO AE 09499-1500

Sponsor/Monitor’s Acronym(s)

Sponsor/Monitor’s Report Number (s)

Distribution/Availability Statement
Approved for public release, distribution unlimited

Supplementary Notes

Papers from the 23rd Annua International Conference of the IEEE Engineering in Medicine and Biology Society,
October 25-28, 2001, held in Istanbul, Turkey. See also ADM001351 for entire conference on cd-rom.

Abstract

Subject Terms

Report Classification
unclassified

Classification of this page
unclassified

Classification of Abstract
unclassified

Limitation of Abstract
uu

Number of Pages
4




The Gabor expansion is one of the TF analysis methodswherew;, = 27k/K. The multi—-window Gabor expansion
which represents a signal in terms of time and frequency in (1) can be written as
translated basis functiona,,, (n), called TF atoms [12].

In [11], a multi-resolution Gabor expansion is presented, as IS et . L) eien
such a finite-extent, discrete-time sigagh) can be repre- z(n) = 7 @i,k hi(n —mL) e
sented by k=0 = i=0 m=0
K-—1
| LMK = A(n,wg) e+ (6)
7 Aj,m,k hi,m,k(n)’ (1) k=0
=0 m=0 k=0 We then have that the time-varying kernel of the signal is
where the logons are | 1M
A(n,wg) = I Z i m.k hi(n —mL)
him k(n) = hi(n —mL) e**™, (2 i=0 m=0
1
andw, = 2rkL'/N. The parameterd/, K, L, L' are = 7 ZAi(nawk)- (1)

positive integers constrained By L = KL' = N where
M and K are the number of analysis samples in time and Replacing the coefficienta; ...} of equation (4) we ob-
frequency, respectively, anland L’ are the time and fre- tain also that
guency steps, respectively.

The synthesis windO\/ﬁi(n) is the periodic version (by
N) of h;(n) which is generated by contracting a unit-energy
mother Gabor window(n), i.e

T

Aln,wr) = Y x(f) W(n, £) e, 8
£

i
o

. ' where we defined the time—varying window
hi(n) = 2i/2 g9(2'n), 0<n<N-1, 3)

~.|H

I—1 M—
fori = 0,1,..I — 1. The scaling facto2’ changes the sup- Z Z (6 =mL)hi(n —mL).  (9)
port of the window, and is the number of scaled windows =0 m=0

used to analyze the signal. The Gabor coefficients are eval-Then the evolutionary spectrum ofn) is obtained accord-
uated by

ing to
1 .
N1 Sps(n,wi) = 2= |A(n,wi)]?, (10)
imk = 3¥(n —mL) e Jwrn, 4 . .
Fimk T;) z(n) 3 (n —mL)e @ where the factot /K is used for proper energy normaliza-

tion. Sgs(n,wy) is always non—negative and approximates

where the analysis windo(n) is again a periodic version ~ the marginal conditions [8], hence, in contrast to many time-
of v;(n) which is solved from the bi-orthogonality condition frequ_ency distributions, interpretable as TF energy density
betweerh; (n) andy; (n) as in the discrete Gabor expansion function [11].

[11].

Notice that equation (1) is the averagelofepresenta-  2.2. Classification of TMJ Sounds Using Joint Moments
tions ofz(n). However, each of these expansions represents
some of the signal components better than others. Hence th
TF resolution of this representation is improved by averag-
ing several representations obtained from scaled windows.

It was reported in earlier work [7, 13] that time—varying
Tharacteristic features of temporomandibular joint signals
are revealed by joint time—frequency analysis better than
time or frequency domain techniques. It is then natural to
expect that time—frequency information of non—stationary
signals, such as TMJ sounds, should improve the classifica-
tion performance [14, 15]. In [9], we present a method for
the classification of TMJ sounds based on the evolutionary
spectrum discussed in the previous section. For each data
in the training set, evolutionary spectrum is calculated and
normalized to unit—energy. Then several joint moments are
A(n, wp)edrm, 0<n<N-1, (5) obtained from the_ gvol_utionary spectrum and used as fea-
tures for the classification.

2.1. Evolutionary Spectral Analysis

We consider the following discrete-time, discrete-frequency
model for finite-extent, deterministic signals:

K—

,_.

k=0



The joint time—frequency moments are given by 5. Click and coarse crepitation on one side, coarse
crepitation on the other side.

<Hhw >= /_Oo /_Oo tw? X(t,w) dt dw The quantity of the cases did not render the study group
i,j=0,1,2,... (11) sufficient for statistical evaluation. In Fig. 1 we show the

TMJ sound for 5 secs. recorded from lateral crossbite pa-

whereX (t,w) is the time—frequency density function of the tient. Figs. 2 and 3 show the evolutionary spectral estimates

signal [8]. In our experiments, we calculate joint moments of these click sounds for right and left TMJ respectively.

of TMJ signals by using s (n, wy) and numerical approx-

imations for the integrations in (11). The joint moments are

then log—normalized to reduce their dynamic range. This

feature set is then used to train a neural network for the In this paper, we analyzed the TMJ sounds recorded from
classification of TMJ sounds [16]. In [9], TMJ sounds are lateral crosshite patients. As can be understood from the

classified into four distinct classes: a) click, b) coarse crepi- findings, palpation and auscultation values are fairly simi-

tation, c) soft crepitation, and d) click with crepitation. lar. When auscultation is used as a standard, surface palpa-
tion has a very high false negative rate [18]. Auscultation
3. MATERIAL AND METHOD is found more sensitive than palpation in another study as
well [19]. However, recordings were carried out by a sin-
The material consists of 10 females and males with right lat- gle investigator in our study, thus excluding the possibility
eral crossbites. Their ages are between 9-13 years. Full orf inter-researcher unreliability. Since Temporomandibular
thodontic records consisting of cephalometric films, frontal gisorders are highly prevalent in the mixed and early denti-
and sagittal intra and extra-oral slides, panoramic films, or- tion groups as well as in other dentition groups [19], the sig-
thodontic models, anamnestic and clinical records were ob- pificance of the cilcks and crepitations must be investigated

tained from each patent. A questionnaire and an examina-further by increasing the number of cases and by comparing
tion form prepared by Dworkin et al. [17] were used in their the clinical variables.

Turkish translated form; dental parameters were recorded
by a single investigator. TMJ vibrations were clinically
recorded by palpation, auscultation and electronically by ac- 5. REFERENCES
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Fig. 1. TMJ signal of a crossbite patient with click
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